Matrix metalloproteinases constitute one of the major extracellular matrix degrading enzymic families implicated in cancer development. Stromelysin-3 in particular, a member of the matrix metalloproteinases belonging to the stromelysins' subgroup, seems to be closely related to invasiveness and tumor progression. In this study, we proceeded to the evaluation of stromelysin-3 protein's expression in paraffin sections of 133 cases of invasive breast carcinomas and statistically estimated its relations with known clinicopathological prognostic parameters and patients' survival, proliferation markers Ki-67 and TopoII␣ and the antiapoptotic protein bcl-2. Presence of stromelysin-3 was immunodetected, in the 73% of our cases, in stromal cells (65%) and in epithelial tumor cells (26.26%). Stromelysin-3 epithelial positivity presented statistically significant correlations with TopoII␣ and Ki-67 proliferation indices (P ‫؍‬ .042 and P ‫؍‬ .031, respectively) and worse disease outcome through multivariate statistics (P ‫؍‬ .014). Stromelysin-3 fibroblastic expression was significantly associated with nuclear grade (P ‫؍‬ .024), ductal histological type (P ‫؍‬ .037), TopoII␣ (P ‫؍‬ .001) and Ki-67 (P ‫؍‬ .019), inversely with bcl-2 protein (P ‫؍‬ .027) and with adverse overall survival through univariate analysis (P ‫؍‬ .017). The subgroup of patients with stromelysin-3 co-expression in stromal and malignant epithelial cells showed statistically significant associations with Ki-67 and TopoII␣ (P ‫؍‬ .019, P < .0001, respectively), an inverse one with bcl-2 protein (P ‫؍‬ .027) and furthermore with impaired survival (P ‫؍‬ .002) through multivariate analysis. In conclusion, stromelysin-3 protein expression correlated with proliferation indices TopoII␣ and Ki-67 and the anti-apoptotic protein bcl-2, data confirming stromelysin-3's contribution to breast cancer progression. Moreover its expression was shown to have a direct negative effect on patients' survival, especially in the subgroup of patients with simultaneous epithelial and stromal expression.
Over the past decades, the international scientific community has shown an increasing interest in the potential role of extracellular matrix (ECM), as well as in the enzymes responsible for its remodeling, in the process of tumor invasion and metastasis, because its active destruction is a sine qua non for malignancy to develop (1) . One of the major extracellular matrix-degrading enzymic families implicated in cancer development is matrix metalloproteinases (MMPs), also called matrixins (2) , a group of zinc and calcium-dependent endopeptidases, with a broad spectrum of proteolytic activity toward extracellular matrix components (3) (4) (5) . The 21 distinct MMPs so far identified, can be grouped, on the basis of their structure and substrate specificity, into the following subclasses: (a) collagenases (MMP-1, Ϫ8, Ϫ13), (b) gelatinases (MMP-2, Ϫ9), (c) stromelysins (MMP-7 or matrilysin, Ϫ3 or ST-1, Ϫ10 or ST-2, Ϫ11 or stromelysin-3), (d) membranetype MMPs (MT1-, MT2-, MT3-, MT4-, MT5-MMP) and other MMPs (6) . Disposing overlapping yet distinct functions, as a whole, they can degrade practically every extracellular matrix component, acting always under a multistep regulatory system including specific tissue inhibitors of metalloproteinases and inducers (e.g., extracellular matrix metalloproteinase inducer) (2).
Stromelysin-3 (MMP-11) in particular, has been originally described and isolated from fibroblastic cells surrounding invasive breast carcinoma (7) . Ever since, it remains an intriguing target for further study due to its persistently found overexpression in almost every aggressive malignancy, although its putative mature forms seem to exhibit little or no obvious proteolytic activity towards major extracellular matrix components (8) . Its predicted structure shares common features with that of other stromelysins and collagenases. However, unlike all other MMPs, which are secreted in proenzyme form, stromelysin-3 along with membrane type 1-MMP, are activated before secretion by Golgi-associated furin-like proteases (9 -11) . Furthermore, another originality of stromelysin-3 is observed on the functional level, where its active form is unable to hydrolyze extracellular matrix molecules and its action is restricted to the cleavage of ␤-casein (8), ␣ 2 -macroglobulin (8), and serine proteinase inhibitors such as ␣ 1 -proteinase inhibitor and ␣ 1 -antitrypsin (12) (13) (14) .
Stromelysin-3's gene, located on chromosome 22g11.2 (10, 15) , is being expressed at high levels, predominantly by peritumoral fibroblasts, in almost all invasive breast carcinomas and in a number of breast cancer metastases. Moreover, stromelysin-3 expression is probably implicated in early breast cancer progression, an observation emerging from its presence in in situ tumors of the comedo type, of which the majority become invasive (16) . Further studies tend to link high stromelysin-3 expression to poor prognosis in breast cancer (17) .
The aim of this study was to investigate the expression of stromelysin-3 in a series of invasive breast carcinomas and assess any statistical correlation with known clinicopathological prognostic parameters, the expression of TopoII␣, Ki-67, bcl-2 and patients' survival.
MATERIALS AND METHODS

Patients and Tissue Collection
The present specimen comprise 133 cases of primary invasive breast carcinomas from patients undergoing surgery between 1992-1993, obtained from the archives of the Department of Pathology of Athens University Medical School. In all 133 cases, mastectomy or lobectomy, with axillary lymph node evacuation, had been the primary treatment. After surgical operation, patients with positive lymph nodes and premenopausal patients with tumor size more than 1 cm and negative lymph nodes received classical chemotherapy (CMF). All patients, regardless of hormonal status, were treated with tamoxifen. The age of the patients' group ranged from 25 to 87 years, (mean age: 57.4 Ϯ 13.2, median: 57 years) and they have been followed-up at 6-month intervals, for a median period of 77 months, presenting a mean survival period of 70.9 months (7-94 months). Survival data were available for 128 cases. Determination of tissues' pathological features was performed as previously described (18) . Fresh tissue samples were immediately fixed in 10% neutral formalin buffered followed by paraffin embedment and storage at room temperature.
Immunohistochemistry
Immunohistochemical staining for stromelysin-3 was performed on 4 m thick formalin-fixed paraffin sections, using an avidin-biotin immunoperoxidase technique, after overnight heating at 60°C and subsequent deparaffinization in xylene and rehydration through graded alcohols. After quenching of endogenous peroxidase activity using a methanol/hydrogen peroxide solution (0.3% in TBS for 30 min), we proceeded to autoclave heat-mediated antigen retrieval in 10 mM, pH ϭ 6 citrate buffer and blockage of nonspecific binding by incubation in 10% normal horse serum in TBS (Vector Lab, Burlingame, CA, USA) for 30 min at room temperature. Subsequently, sections were incubated overnight, at 4°C in a humidified chamber, with the monoclonal primary antibody 5ST-4A9, raised against the hemopexin-like domain of human stromelysin-3 (kindly offered to us by Prof. P. Chambon, IGBMC, Strasburg, France) at a dilution of 1:1000 in TBS. Sections were then incubated in biotinylated horse anti-mouse secondary antibody diluted 1:150 in bovine serum albumin, for 30 min at room temperature followed by peroxidase-conjugated avidin-biotin complexes (Vectastain Elite ABC kit, Vector Lab, Burlingame, CA, USA) in a 30 min incubation at room temperature and addition of 3,3'-diaminobenzidine tetrachlorohydrate (3,3'-diaminobenzidine), to achieve visualization of the requested antigen. Nuclei were counterstained using Harris' hematoxylin.
The other, herein assessed, immunomarkers, meaning ER, PR, Ki-67, TopoII␣, and bcl-2 proteins, they all have been detected as previously described (18) . Slides treated in the same manner, yet omitting the step of primary antibody application served as negative controls
Evaluation of Immunostaining Scores
Immunostaining evaluation of stromelysin-3 was performed by two independent pathologists through light microscopic observation, using a semiquantitative method. The score resulted as the average of 10 distinct high-power fields observed under x400 magnification. From this perspective, we observed and evaluated two distinct expression patterns, with char-acteristic granular appearance: (a) cancer cell cytoplasmic, scored as 0 (0%), 1 (Յ10%) and 2 ( more than 10%). These cut points were employed due to the small number of positive cancer cells, and (b) peritumoral fibroblastic, scored as 0 (negative, 0%), 1 (weak, Յ10%), 2 (moderate, 11-30%) and 3 (strong, more than 30%). Except for the case of TopoII␣, of which low expression levels forced us to use image analysis assessment on a total number of 500 neoplastic nuclei, all the other indicators were microscopically observed and semiquantitavely scored, as previously described (18) .
Statistical Analysis
Correlations between stromelysin-3 expression levels and the other assessed variables were investigated using Pearson's chi-square test or Fisher's Exact test (as appropriate), except for the case of TopoII␣, of which the distribution indicated the use of Kruskall-Wallis test (non-parametric statistical method). The effect of stromelysin-3 differential expression on postoperative survival rates was assessed using both univariate (log-rank test) and multivariate (stepwise forward Cox's proportional hazard regression model with 95% hazard ratio's confidence interval) analysis, with the latter model adjusted for all the assessed parameters (lymph node status, age, stage and size of tumors, nuclear grade, histologic type, ER and PR status, Ki-67, TopoII␣ and bcl-2 protein expression levels).
RESULTS
Immunohistochemical Expression of Stromelysin-3
Cases exhibiting various positivity for stromelysin-3 protein in the peritumoral fibroblast-like cells or the neoplastic epithelium, were altogether 97 out of 133 (73%). These two distinct patterns, were, in some cases, co-existing (n ϭ 25) and in others the expression was either stromal or epithelial only (n ϭ 61 and n ϭ 10, respectively). Stromelysin-3 stromal expression was detected in 86 of 133 cases (65%) presenting various positivity limited to reactive stromal cells within the tumor (Fig. 1A) . This certain pattern associated significantly with tumor histological type, detected more often in ductal carcinomas than in lobular ones (P ϭ .037, Table 1 ). A significant correlation was also revealed between intense stromelysin-3 protein expression levels and increasing nuclear grade (P ϭ .024, Table 1 ). Furthermore, stromelysin-3's expression exhibited significant relations, which, to the best of our knowledge, are being mentioned for the first time, with TopoII␣ (P ϭ .001, Fig. 2A ), Ki-67 (P ϭ .019, Table 1 , Fig. 2B ) and an inverse one with bcl-2 antiapoptotic protein (P ϭ .027, Table 1 , Fig. 2C) . Univariate analysis demonstrated a worse survival of patients with stromelysin-3 expression in stromal cells (P ϭ .017).
To the best of our knowledge, this study is the first report of stromelysin-3 expression in cancer cells, with statistically significant findings, found persistently expressed in 35 out of the 133 cases (26%) (Fig.  1B) . Stromelysin-3 cytoplasmic expression in cancer cells showed a parallel statistical significant correlation with TopoII␣ (P ϭ .042, Fig. 2A ) and Ki-67 (P ϭ .031, Table 1 , Fig. 2B ). Furthermore, stromelysin-3's expression in the malignant epithelial cells, was correlated with impaired survival, confirmed through both the univariate (P ϭ .023) and multivariate analysis (P ϭ .014) (Fig. 3, Table 2 ). In particular, multivariate analysis demonstrated that patients expressing high stromelysin-3 levels had even worse survival (P ϭ .005). The Cox model found for survival, also revealed standard prognostic parameters such as LN (P ϭ .008), age (P ϭ .025) and PR (P ϭ .0007).
The subgroup of patients with co-expression of stromelysin-3 in stromal and cancer cells exhibited a parallel relation of unequivocal statistical significance with TopoII␣ (P Ͻ .0001), the same with Ki-67 (P ϭ .019), inverse with the bcl-2 (P ϭ .027) (data not shown) and a significant correlation with worst patients' outcome through both univariate (P ϭ .028) and multivariate (P ϭ .002, Table 3 ) statistics.
DISCUSSION
Co-expression of several extracellular matrix degradative enzymes secures the presence of a favorable environment for tumor growth and its subsequent dissemination and metastasis. Among these enzymes the various MMPs are believed to play a pivotal role in promoting tumor progression. In our present study, we proceeded to an immunohistochemical assessment of stromelysin-3 protein expression in a series of 133 invasive breast carcinomas of conventional morphology. Stromelysin-3 was predominantly detected in stromal cells within the tumor (65%) and in a lesser, yet persistent degree in cancer cells (26%). It is well known that the vast majority of literature regarding stromelysin-3 supports the predominant if not exclusive fibroblastic production and localization of this particular MMP (19 -21) . However, there are preliminary reports that mention stromelysin-3 cytoplasmic localization in cancer cells in a series of metaplastic mammary carcinomas (22) and detection of stromelysin-3 mRNA in the tumor epithelium of breast cancer tissues (19) . A possible explanation accounting for the above conflicting data may rest on the fact that stromelysin-3 is specifically expressed by fibroblastic cells located close to malignant cells, thus suggesting the existence of some kind of cross-talk between the two cell types and a paracrine function for stromelysin-3 (23). Furthermore, although the various members of the MMP family, are mainly expressed by reactive stromal cells, there is a growing body of evidence, supporting epithelial production of several MMPs (24, 25) .
Both the epithelial and stromal expression patterns of stromelysin-3 protein, observed in our study, showed statistically significant associations with impaired patients' survival. More precisely the negative effect of high stromelysin-3 epithelial expression on patients' outcome was demonstrated * Statistical assessment concerns all 133 of our cases, but only the positive cases are included in Table 1 .
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by both univariate (P ϭ .023) and multivariate analysis (P ϭ .014). The previous studies reporting epithelial stromelysin-3 localization do not mention such associations with disease outcome (19, 22) . Nevertheless, reports on other MMPs supporting our findings, associate their detection in cancer cells with worse prognosis (25) . On the other hand, stromal stromelysin-3 expression was found to have a prognostic value regarding poor disease outcome in univariate analysis (P ϭ .017), finding similar to those of previous reports (20, 22) . The subgroup of patients with simultaneous stromelysin-3 epithelial and stromal localization exhibited the worst disease prognosis (P ϭ .002). An essential observation of this study was the obvious correlations of stromelysin-3 detection in either cancer or stromal cells with the well established indices of cellular proliferation TopoII␣ (P ϭ .042, P ϭ .001, respectively) and Ki-67 (P ϭ .031, P ϭ .019, respectively). These certain findings, to the best of our knowledge, are being reported for the first time. TopoII␣, in particular, serves as an index of major credibility regarding active cell proliferation, due to the fact that it is mainly expressed during S 1 and G 2 phases of the cell cycle, implicated in the opening of DNA strands and known to be parallelly associated with nuclear grade (18) . The above mentioned data support the notion of a potential role of stromelysin-3 in cell proliferation, which is further reinforced by the statistically significant correlation of high stromelysin-3 levels with increasing nuclear grade (P ϭ .024) observed in our investigation. Furthermore, Tetû et al. have previously reported a significant association of stromelysin-3 high levels with tumor cell aneuploidy (20) . Although there is experimental evidence demonstrating that stromelysin-3 did not directly influence cell proliferation rates (26, 27) , the same authors finally conclude that stromelysin-3 probably releases or activates growth factors or cytokines stored in the extracellular matrix (27) . In fact they have observed that stromelysin-3 exhibited its tumor promoting effect synergistically with matrigel containing growth factors and not when the latter is depleted of them (27, 28) .
Bcl-2 oncoprotein is assumed to be involved in the control of the apoptotic pathway; it is believed to be important in suppressing apoptosis (29) . On the other hand, in vitro and in vivo observations indicate that stromelysin-3 expression promotes tumor take in nude mice, presumably by favoring cancer cell survival in a tissue environment initially not permissive for tumor growth (26) . Besides, Boulay et al. (30) reported that syngeneic tumors developed in stromelysin-3 deficient mice present an enhanced apoptotic rate compared with wild type ones, indicating a role for stromelysin-3 in the maintenance and survival of cancer cells through inhibition of extracellular matrix-induced apoptosis. These observations are supported by our find- This model shown as independent prognostic factors all four distinct phenotypes of ST-3 localization (cancer/stromal) with gradually elevated hazard ratio reaching the higher estimates at the concurrent occurrence, as well as LN, age, and PR status. ings associating stromelysin-3 protein expression with poor patients' outcome.
Despite the above concluded similar effect of stromelysin-3 and bcl-2 proteins on cell survival, we have demonstrated an inverse association between fibroblastic stromelysin-3 expression and bcl-2 levels (P ϭ .027). This observation, although paradoxical at first, derives support from previous studies that link the antiapoptotic bcl-2 protein to features indicating favorable prognosis in mammary carcinomas (29, 31) . It cannot be discerned from correlative studies whether bcl-2 is involved directly in contributing to an indolent phenotype or is simply an epiphenomenon (29) .
Another correlation observed in our series was the one between stromelysin-3 stromal expression and the invasive ductal carcinoma. This relation has been mentioned by other observers too and it probably reflects the more active fibroblastic activity observed in ductal carcinomas, although the possible secretion of unknown paracrine factors specific for this certain histologic subtype cannot be ruled out (20) .
In conclusion, stromelysin-3 protein expression correlated with proliferation indices TopoII␣ and Ki-67 and the anti-apoptotic protein bcl-2, data confirming stromelysin-3's contribution to breast cancer progression. Moreover its expression was shown to have a direct negative effect on patients' survival, especially in the subgroup of patients with simultaneous epithelial and stromal expression.
